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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hydrogen storage material having excellent 
hydrogen storage ability and being easily produced, and to provide methods of 
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producing and utilizing the same. 

SOLUTION: The hydrogen storage material is composed of amorphous carbon having 
a carbon film with the graphite structure on its surface. The preferable outer shape as 
its morphology is a coiled shape and the preferable aspect ratio is 3 to 107. Further, it 
is preferable to improve the hydrogen storage ability by subjecting the produced 
hydrogen storage material to heating treatment or oxidation treatment or 
incorporating at least one of alkaline metals, alkaline earth metals, fluorine, iodine and 
sulfur into the storage material. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A hydrogen absorption material consisting of amorphous carbon which has a 
coat of carbon with graphite structure on the surface. 

[Claim 2]A hydrogen absorption material consisting only of amorphous carbon 
substantially. 

[Claim 3]The hydrogen absorption material according to claim 1 or 2 having 
graphite-ized some amorphous carbon by heat-treatment, and raising a hydrogen 
storage capacity. 

[Claim 4]The hydrogen absorption material according to any one of claims 1 to 3 
having been activated by oxidation treatment and raising a hydrogen storage capacity. 
[Claim 5]The hydrogen absorption material according to any one of claims 1 to 4, 
wherein any at least one of an alkaline metal, alkaline-earth metals, fluoride, iodine, 
and sulfur is inserted. 

[Claim 6]The hydrogen absorption material according to any one of claims 1 to 5 
forming in a coiled form. 

[Claim 7]The hydrogen absorption material according to claim 6, wherein aspect ratios 
which are the values which **(ed) coil length with a coil diameter are 30,000-10 million. 
[Claim 8]A manufacturing method of a hydrogen absorption material including a 
process of being a manufacturing method of a hydrogen absorption material for 
manufacturing the hydrogen absorption material according to claim 5, and inserting 
any at least one of an alkaline metal, alkaline-earth metals, fluoride, iodine, and sulfur 
while impressing an electrostatic field. 

[Claim 9]The directions for a hydrogen absorption material carrying out occlusion of 
the hydrogen to the hydrogen absorption material according to any one of claims 1 to 
7 under 50-1000 atmospheres and -270-0 ** of atmosphere. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the hydrogen absorption material used, 
for example for the hydrogen fuel tank of a fuel cell or a hydrogen fueled engine, its 
manufacturing method, and directions for use. 
[0002] 

[Description of the Prior Art]The lantern nickel metal alloy is put in practical use as 
this kind of a hydrogen absorption material. However, the quantity of the hydrogen 
which can carry out occlusion of 1 g of this alloy is converted into the volume of 
hydrogen in standard temperature and standard pressure, and is about 0.1-0.2 I. 
The hydrogen absorption material with higher occlusion ability is called for. 
The hydrogen absorption material which consists of carbon nanotubes under these 
circumstances is proposed these days. There is a problem that manufacture — an 
altitude takes complicated technology — is not easy for it to refining although the 
hydrogen absorption material which consists of carbon nanotubes has several times 
as much hydrogen absorption ability as a lantern nickel metal alloy. 
[0003] 

[Problem to be solved by the invention]This invention is made paying attention to the 
problem which exists in the above conventional technologies. The place made into the 
purpose is excellent in hydrogen absorption ability, and, moreover, providing an easy 
hydrogen absorption material, its manufacturing method, and directions for use has 
manufacture. 
[0004] 

[Means for solving problem]In order to attain the above-mentioned purpose, the 
invention according to claim 1 makes it a summary to consist of amorphous carbon 
which has a coat of carbon with graphite structure on the surface. 
[0005]The invention according to claim 2 makes it a summary to consist only of 
amorphous carbon substantially. The invention according to claim 3 makes it a 
summary to have graphite-ized some amorphous carbon by heat-treatment, and to 
have raised a hydrogen storage capacity in the hydrogen absorption material 
according to claim 1 or 2. 

[0006]The invention according to claim 4 makes it a summary to have been activated 
by oxidation treatment and to have raised a hydrogen storage capacity in the 
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hydrogen absorption material according to any one of claims 1 to 3. 

[0007]The invention according to claim 5 makes it a summary to have inserted any at 

least one of an alkaline metal, alkaline-earth metals, fluoride, iodine, and sulfur in the 

hydrogen absorption material according to any one of claims 1 to 4. 

[0008]The invention according to claim 6 makes it a summary to have been formed in 

a coiled form in the hydrogen absorption material according to any one of claims 1 to 

5. The invention according to claim 7 makes it a summary for aspect ratios which are 

the values which **(ed) coil length with a coil diameter to be 30,000-10 million in the 

hydrogen absorption material according to claim 6. 

[0009]The invention according to claim 8 is a manufacturing method of the hydrogen 
absorption material for manufacturing the hydrogen absorption material according to 
claim 5, and makes it a summary to include the process of inserting any at least one of 
an alkaline metal, alkaline-earth metals, fluoride, iodine, and sulfur while impressing an 
electrostatic field. 

[0010]The invention according to claim 9 makes it a summary to carry out occlusion 
of the hydrogen to the hydrogen absorption material according to any one of claims 1 
to 7 under 50-1 000 atmospheres and -270-0 ** of atmosphere. 
[0011] 

[Mode for carrying out the invention][A 1st embodiment] A 1st embodiment that 
materialized this invention is described hereafter. 

[0012]The hydrogen absorption material in this embodiment consists of coiled carbon 
fibers. That is, the hydrogen absorption material is formed in the coiled form of the 
fiber which consists of carbon, as such a coiled carbon fiber — the catalytic 
activation CVD (chemistry gaseous phase vacuum evaporation) — what is 
manufactured by law is preferred. A hydrogen absorption material consists of 
amorphous carbon which has a coat of carbon with graphite structure on the surface 
simultaneously. However, in the case of this embodiment, it is only that there is a coat 
of carbon with graphite structure among the surfaces of amorphous carbon in part, 
and the part with this coat is equivalent to the part except the end face of the both 
ends of a hydrogen absorption material. For this reason, only in the end face of an end, 
amorphous carbon is exposed, and the hydrogen absorption material has the 
composition that the surface was covered by the coat of the carbon which has 
graphite structure in other parts. 

[0013]incidentaiiy, in the case of the coiled carbon fiber obtained with a catalytic 
activation CVD method, the thickness of the coat of carbon with graphite structure is 
about 1-10 nm. As for the ratio (H/C) of a 100-200 m 2 /g grade and the number of 
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hydrogen atoms to the number of carbon atoms, the ratio (S/C) of 0.02 or less and 
the number of sulfur atoms to the number of carbon atoms of the ratio (O/C) of 0.3 or 
less and the number of oxygen atoms to the number of carbon atoms is [ specific 
surface area ] 0.0005 or less. 

[001 4] As a form of a hydrogen absorption material, as for an aspect ratio, 30,000-1 0 
million are preferred, 1 00,000-500,000 are more preferred, and 1 00-especially 1 0,000 
are preferred. An aspect ratio is the value which **(ed) coil length with the coil 
diameter. Since an aspect ratio is too small, or hydrogen absorption ability will fall if 
large, it is not desirable. It is because the ratio of the area of the part covered by the 
coat of carbon with the graphite structure occupied to the total surface area of a 
hydrogen absorption material becomes [ too little ] that hydrogen absorption ability 
falls when an aspect ratio is small. Since the coat of carbon with graphite structure 
works so that it may be stabilized and occlusion hydrogen in amorphous carbon may 
be held, if the above-mentioned ratio becomes [ too little ], occlusion hydrogen will be 
stabilized, and will no longer be held and hydrogen absorption ability will fall. 
Conversely, it is because the ratio of the area of the part which the amorphous carbon 
occupied to the total surface area of a hydrogen absorption material exposed 
becomes [ too little ] that hydrogen absorption ability falls when an aspect ratio is 
large. Since the part which amorphous carbon exposed is committed as an entrance of 
the hydrogen by which occlusion is carried out in an amorphous carbon portion, if the 
above-mentioned ratio becomes [ too little ], hydrogen will become difficult to enter 
and hydrogen absorption ability will fall. 

[0015]Next, the manufacturing method of a hydrogen absorption material is explained. 
In manufacturing the hydrogen absorption material in this embodiment, it 
manufactures a coiled carbon fiber with a catalytic activation CVD method first. 
Manufacture of the coiled carbon fiber by a catalytic activation CVD method is 
performed as follows. That is, the base material which supported the metal catalyst of 
nickel etc. is arranged in a reaction vessel, and temperature up of the inside of a 
reaction vessel is carried out to a predetermined temperature (preferably 600-3000 
**), introducing sealing gas, such as nitrogen and argon, in the reaction vessel. And 
catalyst gas, such as material gas, such as acetylene methanepropane and carbon 
monoxide, a thiophene, hydrogen sulfide, and hydrogen gas are introduced in a 
reaction vessel, maintaining at the temperature. If it does so, deposit formation of the 
coiied carbon fiber wiii be carried out by the pyroiysis of material gas on said base 
material, the coiled carbon fiber manufactured by doing in this way in this embodiment 
— parenchyma — it remains as it is — it is considered as a hydrogen absorption 
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material. 

[0016]Next, the directions for a hydrogen absorption material are explained. When 
carrying out occlusion of the hydrogen to a hydrogen absorption material, -270-0 ** 
of ambient temperature is preferred, its -270 — 80 ** is more preferred, and especially 
its -200 — 150 ** is preferred. If temperature is too low, since the cost taken to set it 
as the temperature will increase, it is not desirable. Conversely, since there is a 
possibility that occlusion hydrogen may be emitted by molecular motion and hydrogen 
absorption ability may fall if temperature is too high, it is not desirable. As for ambient 
pressure power, 50-1 000 atmospheres is preferred, its 50-300 atmospheres are more 
preferred, and especially its 1 00-1 50 atmospheres are preferred. When a pressure is 
too low, sufficient amount of discharge currents is not obtained, but there is 
inconvenience. Conversely, if a pressure is too high, it is disadvantageous in cost. 
[001 7]A operation effect obtained by this embodiment is indicated below. 
(1) According to the hydrogen absorption material of this embodiment, the 
conventional hydrogen absorption material and hydrogen absorption ability more than 
equivalent can be demonstrated. That is, it can be said that a hydrogen absorption 
material has the outstanding hydrogen absorption ability. This outstanding hydrogen 
absorption ability originates in hydrogen being caught by covalent bond with 
amorphous carbon while hydrogen is not only caught between graphite layers 
(graphene sheet) by a carbon part with graphite structure, but hydrogen is physically 
caught by a hole which exists in an amorphous carbon portion. 
[0018](2) A coat of carbon which has wrap graphite structure for the surface of a 
hydrogen absorption material acts so that occlusion hydrogen may be prevented from 
being emitted outside in amorphous carbon. For this reason, according to the 
hydrogen absorption material of this embodiment, by work of a coat of carbon with 
graphite structure, it is stabilized, occlusion hydrogen in amorphous carbon can be 
held, and hydrogen absorption ability of a hydrogen absorption material can be raised 
by extension. 

[0019](3) Since refining does not take complicated technology at an altitude, a coiled 
carbon fiber is easy to manufacture compared with a carbon nanotube. Therefore, 
according to this embodiment, a hydrogen absorption material with easy manufacture 
can be provided. 

[0020]If it furthermore explains, in the case of a carbon nanotube, as for about 70% of 
a siudge, these by-products do not have hydrogen absorption ability by by-products, 
such as a carbon grain. For this reason, it is necessary to refine by carrying out 
heating at high temperature, oxidation treatment, etc. And the technology of the 
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monolayer CNT which has hydrogen absorption ability, and multilayer CNT which does 
not have available hydrogen absorption ability being intermingled also in the refined 
carbon nanotube, and dividing these into it at present is not established. On the other 
hand, about 90% of a sludge is a coiled carbon fiber, and, as for the case of a coiled 
carbon fiber, the carbon grain which are the remaining by-products also has hydrogen 
absorption ability. For this reason, it does not refine but ** can also fully be used as a 
hydrogen absorption material, and also also when separating a coiled carbon fiber and 
a carbon grain, it can dissociate certainly by easy operations, such as a classification 
by a sieve. 

[0021](4) If it is made to carry out occlusion of the hydrogen under -270-0 ** 
temperature when carrying out occlusion of the hydrogen to a hydrogen absorption 
material, as a result of controlling molecular motion, it can be stabilized, occlusion 
hydrogen can be made to be able to hold to a hydrogen absorption material, and the 
hydrogen absorption ability of a hydrogen absorption material can be raised by 
extension. 

[0022](5) Since the ratio of the part which the ratio of the part covered by the coat of 
carbon with the graphite structure in the surface of a hydrogen absorption material 
and amorphous carbon exposed will become respectively suitable if an aspect ratio is 
set to 30,000-10 million, the especially outstanding hydrogen absorption ability can be 
demonstrated. 

[0023][A 2nd embodiment] Next, a 2nd embodiment that materialized this invention is 
described focusing on a point of difference with said 1st embodiment. 
[0024]The hydrogen absorption material in this embodiment as well as said 1st 
embodiment is formed in the coiled form of the fiber which consists of carbon. 
However, the hydrogen absorption material of this embodiment does not have a coat 
of carbon with graphite structure, but differs from said 1st embodiment in that it 
consists only of amorphous carbon substantially. 

[0025]In manufacturing the hydrogen absorption material in this embodiment, it 
manufactures a coiled carbon fiber with a catalytic activation CVD method like said 
1st embodiment first. If a coiled carbon fiber is made, the coiled carbon fiber will be 
heated under an oxidizing atmosphere, and the coat of the carbon which has wrap 
graphite structure for the surface will be removed. According to this embodiment, let 
what removed the coat of the carbon which does in this way and has graphite 
structure from a coiled carbon fiber be a hydrogen absorption material. As a 
processing condition of the processing which removes the coat of carbon with 
graphite structure, the treatment atmosphere of the oxygen gas atmosphere of 0.1 - 1 
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volume % is preferred. The processing time of 30 seconds - 15 minutes is preferred. 
Around 700 ** of treatment temperature is preferred. 

[0026]The range with preferred ambient temperature when carrying out occlusion of 
the hydrogen and ambient pressure power is the same as the case of said 1 st 
embodiment. According to this embodiment described above, the conventional 
hydrogen absorption material and the hydrogen absorption ability more than 
equivalent can be demonstrated like the case of said 1st embodiment. This 
outstanding hydrogen absorption ability originates in hydrogen being caught by the 
covalent bond with amorphous carbon while hydrogen is physically caught by the hole 
which exists in an amorphous carbon portion. 

[0027]In addition, according to this embodiment, the operation effect of (3) and (4) 
indicated by said 1st embodiment is also obtained. 

[A 3rd embodiment] Next, a 3rd embodiment that materialized this invention is 
described focusing on a point of difference with said 1st embodiment. 
[0028]The hydrogen absorption material in this embodiment as well as said 1st 
embodiment is formed in the coiled form of the fiber which consists of carbon. 
Although it consists of amorphous carbon which has on the surface a coat of the 
carbon which has graphite structure fundamentally, a part of the amorphous carbon 
differs from said 1 st embodiment in that it is graphite-ized by the below-mentioned 
heat-treatment. As a form of this hydrogen absorption material, the range of a 
desirable aspect ratio is the same as the case of said 1st embodiment. 
[0029]In manufacturing the hydrogen absorption material in this embodiment, it 
manufactures a coiled carbon fiber with a catalytic activation CVD method like said 
1st embodiment first. If a coiled carbon fiber is made, it will heat-treat to the coiled 
carbon fiber, and some amorphous carbon will be graphite-ized. According to this 
embodiment, let what did in this way and heat-treated to the coiled carbon fiber be a 
hydrogen absorption material. The processing which heats heat-treatment under an 
inert atmosphere here is said. As a processing condition of heat-treatment, 100-3500 
** of treatment temperature is preferred, its 100-2500 ** is more preferred, and 
especially its 100-1500 ** is preferred. The processing time of 0.001 hour - 1000 
hours is preferred, is more preferred, and is preferred. [ of especially 0.1 to 10 hours ] 
[ of 0.1 to 100 hours ] 

[0030]A range with preferred ambient temperature when carrying out occlusion of the 
hydrogen and ambient pressure power is the same as said 1st embodiment. According 
to this embodiment described above, a operation effect of (1) - (5) indicated by said 
1st embodiment is obtained, and also the following operation effects are obtained. 
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[0031](6) If some amorphous carbon is graphite-ized by heat-treatment, as a result of 
arrangement of a carbon atom in a coiled carbon fiber changing, form and size of a 
hole which exist in an amorphous carbon portion change, and quantity of hydrogen 
which can be caught by a hole along with it also changes. For this reason, depending 
on a processing condition, further improvement in hydrogen absorption ability can be 
aimed at. 

[0032][A 4th embodiment] Next, a 4th embodiment that materialized this invention is 
described focusing on a point of difference with said 1 st embodiment. 
[0033] A hydrogen absorption material in this embodiment as well as said 1 st 
embodiment is formed in a coiled form of fiber which consists of carbon. Although it 
consists of amorphous carbon which has on the surface a coat of carbon which has 
graphite structure fundamentally. While a part of the amorphous carbon is 
graphite-ized by heat-treatment, a carbon part and an amorphous carbon portion with 
graphite structure differ from said 1st embodiment in that the below-mentioned 
oxidation treatment is activated. As a form of this hydrogen absorption material, the 
range of a desirable aspect ratio is the same as a case of said 1 st embodiment. 
[0034]In manufacturing a hydrogen absorption material in this embodiment, it 
manufactures a coiled carbon fiber with a catalytic activation CVD method like said 
1st embodiment first. If a coiled carbon fiber is made, it will heat-treat like said 3rd 
embodiment to the coiled carbon fiber, and some amorphous carbon will be 
graphite-ized. And oxidation treatment is performed further and it is activated. 
According to this embodiment, let what did in this way and performed heat-treatment 
and oxidation treatment to a coiled carbon fiber one by one be a hydrogen absorption 
material. Oxidation treatment means here processing (liquid-phase-oxidation 
processing) put to processing (gaseous phase high temperature oxidation treatment) 
heated under an oxidizing atmosphere, nitric acid, or hydrogen peroxide. As a 
processing condition of heat-treatment in this case, treatment temperature and the 
desirable range of processing time are the same as said 3rd embodiment. As 
conditions for oxidation treatment (gaseous phase high temperature oxidation 
treatment), 600-1200 ** of treatment temperature is preferred. Similarly, processing 
time of 10 or less hours is preferred, is more preferred, and is preferred. [ of especially 
1 or less hour ] [ of 5 or less hours ] Similarly, a treatment atmosphere of oxygen gas 
atmosphere of 0.01 - 100 volume % is preferred, is more preferred, and is preferred. 
[ of especially an air atmosphere ] [ of oxygen gas atmosphere of 1 - 40 volume % j 
[0035]The range with preferred ambient temperature when carrying out occlusion of 
the hydrogen and ambient pressure power is the same as said 1st embodiment. 
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According to this embodiment described above, the operation effect of (1) - (6) 
indicated previously is obtained, and also the following operation effects are obtained. 
[0036](7) If oxidation treatment is performed, as a result of some carbon's combining 
with oxygen, turning into carbon monoxide or carbon dioxide and separating, the form 
and size of a hole which exist in an amorphous carbon portion change, and the 
quantity of the hydrogen which can be caught by a hole along with it also changes. For 
this reason, depending on a processing condition, further improvement in hydrogen 
absorption ability can be aimed at. 

[0037][A 5th embodiment] Next, a 5th embodiment that materialized this invention is 
described focusing on a point of difference with said 1st embodiment. 
[0038]The hydrogen absorption material in this embodiment as well as said 1st 
embodiment is formed in the coiled form of the fiber which consists of carbon. 
Although it consists of amorphous carbon which has on the surface a coat of the 
carbon which has graphite structure fundamentally. It differs from said 1 st 
embodiment in that any at least one of an alkaline metal, alkaline-earth metals, 
fluoride, iodine, and sulfur is inserted in a carbon part and an amorphous carbon 
portion with the graphite structure (intercalation). As a form of this hydrogen 
absorption material, the range of a desirable aspect ratio is the same as the case of 
said 1st embodiment. 

[0039]ln manufacturing the hydrogen absorption material in this embodiment, it 
manufactures a coiled carbon fiber with a catalytic activation CVD method like said 
1st embodiment first. If a coiled carbon fiber is made, the coiled carbon fiber and any 
at least 1 of an alkaline metal, alkaline-earth metals, fluoride, iodine, and sulfur will be 
mixed and neglected, Any at least one of an alkaline metal, alkaline-earth metals, 
fluoride, iodine, and sulfur is made to insert in a coiled carbon fiber. At this time, an 
electrostatic field may be impressed from the exterior, or it may irradiate with an 
ultrasonic wave, or may heat. According to this embodiment, let what did in this way 
and inserted any at least one of an alkaline metal, alkaline-earth metals, fluoride, 
iodine, and sulfur in the coiled carbon fiber be a hydrogen absorption material. 
[0040]The range with preferred ambient temperature when carrying out occlusion of 
the hydrogen and ambient pressure power is the same as said 1st embodiment. 
According to this embodiment described above, the operation effect of (1) - (5) 
indicated previously is obtained, and also the following operation effects are obtained. 
[0041](S) If any at least one of an alkaline metai, alkaline-earth metals, fluoride, iodine, 
and sulfur is inserted, when occlusion of the hydrogen is carried out to a hydrogen 
absorption material, an alkaline metal, alkaline-earth metals, fluoride and iodine or 
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sulfur, and a hydrogen content child will contact. If an alkaline metal etc. are 
contacted, a hydrogen content child will be in a dissociation state, and will be in a 
reactant high state. For this reason, the electrostatic interaction of the occlusion 
hydrogen is carried out to the pi orbital of the carbon which constitutes graphite 
structure, or it is combined with the orbit surplus among the electron orbits of carbon 
of SP and SP Z which constitute amorphous carbon, and an SP 3 orbit etc. Therefore, it 
can be stabilized, occlusion hydrogen can be made to be able to hold to a hydrogen 
absorption material, and the hydrogen absorption ability of a hydrogen absorption 
material can be raised by extension. 

[0042]Said each embodiment can be changed as follows and can also be constituted. 
- Heat-treatment may be omitted although it was made to perform oxidation 
treatment after heat-treatment in said 4th embodiment. That is, it is good for the 
coiled carbon fiber obtained with a catalytic activation CVD method also considering 
what performed oxidation treatment as a hydrogen absorption material. As a result of 
some carbon's combining with oxygen, turning into carbon monoxide or carbon dioxide 
and separating also in this case, the form and size of a hole which exist in an 
amorphous carbon portion change, and the quantity of the hydrogen which can be 
caught by a hole along with it also changes. For this reason, depending on a processing 
condition, further improvement in hydrogen absorption ability can be aimed at. As 
conditions for oxidation treatment in this case (gaseous phase high temperature 
oxidation treatment), around 700 ** of treatment temperature is preferred. Similarly, 
the processing time of 1 second - 60 minutes is preferred, is more preferred, and is 
preferred. [ of 30 seconds - especially 15 minutes ] [ of 30 seconds - 30 minutes ] 
Similarly, the treatment atmosphere of the oxygen gas atmosphere of 0.01 - 10 
volume % is preferred, is more preferred, and is preferred. [ of especially the oxygen 
gas atmosphere of 0.1 - 1 volume % ] [ of the oxygen gas atmosphere of 0.05 - 1 
volume % ] 

[0043]- An order of processing may be made reverse although it was made to perform 
oxidation treatment after heat-treatment in said 4th embodiment. That is, after 
oxidizing the coiled carbon fiber obtained with a catalytic activation CVD method, it is 
good also considering what was heat-treated further as a hydrogen absorption 
material. 

[0044]- Although activation of the coiled carbon fiber after heat-treatment was 
attained by oxidation treatment in said 4th embodiment, it changes to the oxidation 
treatment and may be made to attain activation by hydrogen treatment. Hydrogen 
treatment means here the processing heated under a hydrogen atmosphere. If 
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hydrogen treatment is performed, as a result of some carbon's combining with 
hydrogen, turning into hydrocarbon, such as methane, and separating, the form and 
size of a hole which exist in an amorphous carbon portion change, and the quantity of 
the hydrogen which can be caught by a hole along with it also changes. For this reason, 
depending on a processing condition, further improvement in hydrogen absorption 
ability can be aimed at like the case of oxidation treatment. 
[0045]- According to said 5th embodiment, any at least one of an alkaline metal, 
alkaline-earth metals, fluoride, iodine, and sulfur was inserted to the coiled carbon 
fiber manufactured with the catalytic activation CVD method. What heat-treated the 
coiled carbon fiber manufactured with the catalytic activation CVD method to it, It 
may be made to insert any at least one of an alkaline metal, alkaline-earth metals, 
fluoride, iodine, and sulfur to what was oxidized, the thing oxidized after heat-treating, 
or the thing heat-treated after oxidizing. 

[0046]- According to said 3rd [ the ] - a 5th embodiment, to the coiled carbon fiber 
manufactured with the catalytic activation CVD method, heat-treatment and 
oxidation treatment were performed and any at least one of an alkaline metal, 
alkaline-earth metals, fluoride, iodine, and sulfur was inserted. The coiled carbon fiber 
manufactured with the catalytic activation CVD method is heated under an oxidizing 
atmosphere to it, and it may be made to perform heat-treatment etc. to what removed 
the coat of the carbon which has wrap graphite structure for the surface like said 3rd 
[ the ] - a 5th embodiment. 

[0047]- The form of a hydrogen absorption material may not be limited to a coiled 
form, and may be granular, for example. What consists of a carbon grain obtained as a 
by-product as a granular hydrogen absorption material in the process in which a coiled 
carbon fiber is manufactured with a catalytic activation CVD method is preferred. 
[0048]- It may be performed as follows when inserting fluoride and iodine, or sulfur by 
said 5th embodiment. That is, any at least one and a coiled carbon fiber are sealed and 
neglected in a container among fluoride and iodine, or sulfur, and it may be made to 
make any at least one of fluoride and iodine, or sulfur insert in a coiled carbon fiber. At 
this time, an electrostatic field may be impressed from the exterior, or it may irradiate 
with an ultrasonic wave like said 5th embodiment, or may heat. It is used choosing 
from a resisting pressure container, a glass container, a corrosion resistance 
container, the container made from Teflon (registered trademark), etc. suitably as said 
container, in this case, without using a complicated instrument, even an ampul can 
come out and inserting operation can be performed. 

[0049]- An electrostatic field may be impressed to the system of reaction when 
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manufacturing a coiled carbon fiber. In this case, reaction velocity and yield can be 

raised. 

[0050] 

[Working example] Next, an embodiment and a comparative example are given and this 
invention is explained still more concretely. 

[Example 1 of manufacture] An acetylene thiophene, hydrogen, and argon were 
introduced in the reaction vessel in which the base material which applied the nickel 
particle (mean particle diameter of 1 micrometer) has been arranged, and temperature 
up was carried out even to 750 **. When it held at the temperature for 2 hours, 
impressing an electrostatic field (5000V), deposit formation of a coiled carbon fiber 
and the carbon grain was carried out by the pyrolysis of acetylene on the base 
material. 

[0051][Embodiment 1 A - comparative example 1A*-] It heat-treated to the coiled 
carbon fiber obtained in the example 1 of manufacture, and was considered as the 
hydrogen absorption material. However, only Embodiment 1A used as the hydrogen 
absorption material the coiled carbon fiber obtained in the example 1 of manufacture 
as it was. The result of having measured the hydrogen storage capacity of the 
hydrogen absorption material of each example is combined with the conditions of 
heat-treatment, and is shown in the following table 1. 

[0052] Measurement of the hydrogen storage capacity was performed as follows. 
-When measuring the hydrogen storage capacity at 180 **, first, 0.5 g of samples 
(hydrogen absorption material) were put in in the resisting pressure container with a 
capacity of 20 ml, temperature up was carried out to 200 ** under the pressure of 1 .3 
- 0.4kPa (10 - 3Torr), it held at the temperature for 10 hours, and the sample was 
dried. Then, after cooling even at -180 ** and holding to the temperature with liquid 
nitrogen for 3 hours, hydrogen was introduced in the resisting pressure container and 
the pressure in a container was 1 20 atmospheres. And the hydrogen storage capacity 
was computed from subsequent pressure variation. In measurement of the hydrogen 
storage capacity at 25 **, after cooling to 25 **, hydrogen was introduced in the 
resisting pressure container, and the hydrogen storage capacity was computed like 
the above-mentioned case after that. 

[0053]The unit (L) of the hydrogen storage capacity shown in front [ each ] means 
[liter (NTP) H/g] after Table 1 . That is, 1 g of hydrogen absorption materials convert 
into the voiume of hydrogen in standard temperature and standard pressure the 
quantity of the hydrogen which carries out occlusion. 
[0054] 
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[Table 1] 



As shown in Table 1 , when heat-treatment was performed at 600 ** for 3 hours 
(embodiment 1 G), it was shown that a hydrogen storage capacity improves compared 
with the case (embodiment 1 A) where it does not heat-treat. This is considered to be 
because for the form and size of a hole which exist in an amorphous carbon portion to 
have been improved as a result of heat-treatment. In comparative example 1A* and 
comparative example 1B* which performed heat-treatment at 2500 ** or 3000 ** for 
10 hours, amorphous carbon was graphite-ized nearly thoroughly. In this case, if it 
cools to -1 80 **, in order that the interaction between graphite layers (graphene 
sheet) may become firm and between layers may close, a hydrogen storage capacity 
falls greatly. However, at 25 **, since the flexibility of the width between layers 
increases, a hydrogen storage capacity increases. 

[0055][Embodiment 2A - comparative example 2A*~] It heat-treated to the carbon 
grain obtained in the example 1 of manufacture, and was considered as the hydrogen 
absorption material. However, only Embodiment 2A used as the hydrogen absorption 
material the carbon grain obtained in the example 1 of manufacture as it was. The 
result of having measured the hydrogen storage capacity in -1 80 ** of the hydrogen 
absorption material of each example is combined with the conditions of 
heat-treatment, and is shown in Table 2. 
[0056] 
[Table 2] 



As shown in Table 2, when heat-treatment was performed at 500 ** for 3 hours 
(embodiment 2F), it was shown that a hydrogen storage capacity improves compared 
with the case (embodiment 2A) where it does not heat-treat. This is considered to be 
because for the form and size of a hole which exist in an amorphous carbon portion to 
have been improved as a result of heat-treatment, when the result shown in Table 1 
was compared with the result shown in Table 2, compared with the hydrogen 
absorption material in which the direction of the hydrogen absorption material which 
consists of coiled carbon fibers consists of carbon grains, the tendency for a 
hydrogen storage capacity to be a little large saw, and was stopped. This showed that 
the hydrogen absorption material which consists of coiled carbon fibers was more 
preferred than a carbon grain in respect of hydrogen absorption ability. 
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[0057][Embodiment 3A - comparative example 3A*~] After heat-treating to the coiled 
carbon fiber obtained in the example 1 of manufacture, oxidation treatment (gaseous 
phase high temperature oxidation treatment under an air atmosphere) was performed 
further, and it was considered as the hydrogen absorption material. However, 
Embodiment 3A oxidized the coiled carbon fiber obtained in the example 1 of 
manufacture as it was, used it as the hydrogen absorption material, and Embodiment 
3E carried out only heat-treatment, and it used it as the hydrogen absorption material. 
The result of having measured the hydrogen storage capacity in -1 80 ** of the 
hydrogen absorption material of each example is combined with the conditions of 
heat-treatment and oxidation treatment, and is shown in Table 3. 
[0058] 
[Table 3] 

The case (embodiment 3H) where oxidation treatment is performed for 6 minutes at 
1 000 ** after performing heat-treatment at 600 ** for 3 hours, as shown in Table 3, 
When oxidation treatment was performed for 10 minutes at 1000 ** after performing 
heat-treatment at 600 ** for 3 hours (embodiment 3C, 3J), it was shown that a 
hydrogen storage capacity improves compared with the case (embodiment 1 A) where 
neither heat-treatment nor oxidation treatment is carried out. This is considered to 
be because for the form and size of a hole which exist in an amorphous carbon portion 
to have been improved as a result of heat-treatment and oxidation treatment. 
[0059][Embodiment 4A~] After heat-treating to the carbon grain obtained in the 
example 1 of manufacture, oxidation treatment (gaseous phase high temperature 
oxidation treatment under an air atmosphere) was performed further, and it was 
considered as the hydrogen absorption material. However, Embodiment 4A oxidized 
the carbon grain obtained in the example 1 of manufacture as it was, and used it as 
the hydrogen absorption material. The result of having measured the hydrogen storage 
capacity in -180 ** of the hydrogen absorption material of each example is combined 
with the conditions of heat-treatment and oxidation treatment, and is shown in Table 
4. 

[0060] 
[Table 4] 

When oxidation treatment was performed for 10 minutes at 1000 ** after performing 
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heat-treatment at 1 200 ** for 3 hours as shown in Table 4 (embodiment 4D), it was 
shown that a hydrogen storage capacity improves compared with the case 
(embodiment 2A) where neither heat-treatment nor oxidation treatment is carried out. 
This is considered to be because for the form and size of a hole which exist in an 
amorphous carbon portion to have been improved as a result of heat-treatment and 
oxidation treatment. 

[0061][Embodiment 5A-] Irradiating with a 39-kHz ultrasonic wave to the coiled 
carbon fiber obtained in the example 1 of manufacture, the alkaline metal was inserted 
and it was considered as the hydrogen absorption material. However, Embodiment 5A 
used as the hydrogen absorption material the coiled carbon fiber obtained in the 
example 1 of manufacture as it was. 

[0062]When the method of insertion of this alkaline metal was explained in detail, 
2-methyltetrahydrofuran was first put into the reaction vessel replaced by argon 
atmosphere, and after adding naphthalene there and making it dissolve thoroughly, the 
alkaline metal was added further. It was neglected after the alkaline metal dissolved 
thoroughly until insertion of an alkaline metal reached saturation, having mixed the 
coiled carbon fiber obtained in the example 1 of manufacture, and irradiating with a 
39-kHz ultrasonic wave this time. All of these operations were performed at the room 
temperature. 

[0063] [Embodiment 6A-] To what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours, irradiating with a 39-kHz ultrasonic 
wave, the alkaline metal was inserted and it was considered as the hydrogen 
absorption material. However, Embodiment 6A used as the hydrogen absorption 
material as it was what heat-treated the coiled carbon fiber obtained in the example 1 
of manufacture at 600 ** for 3 hours. 

[0064][Comparative example 4A*~] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours, irradiating with a 
39-kHz ultrasonic wave, the alkaline metal was inserted and it was considered as the 
hydrogen absorption material. However, comparative example 4A* used as the 
hydrogen absorption material as it was what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours. 
[0065][Embodiment 7A-] To what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation treatment 
(gaseous phase high temperature oxidation treatment under an air atmosphere) for 10 
minutes at 1000 more **, irradiating with a 39-kHz ultrasonic wave, the alkaline metal 
was inserted and it was considered as the hydrogen absorption material. However, 
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Embodiment 7A used as the hydrogen absorption material as it was what heat-treated 
the coiled carbon fiber obtained in the example 1 of manufacture at 600 ** for 3 hours, 
and was oxidized for 1 0 minutes at 1 000 more **. 

[0066][Embodiment 8A-] To what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation treatment 
(gaseous phase high temperature oxidation treatment under an air atmosphere) for 6 
minutes at 1 000 more **, irradiating with a 39-kHz ultrasonic wave, the alkaline metal 
was inserted and it was considered as the hydrogen absorption material. However, 
Embodiment 8A used as the hydrogen absorption material as it was what heat-treated 
the coiled carbon fiber obtained in the example 1 of manufacture at 600 ** for 3 hours, 
and was oxidized for 6 minutes at 1 000 more **. 

[0067] [Embodiment 9A-] Impressing a 10,000-volt electrostatic field to the coiled 
carbon fiber obtained in the example 1 of manufacture, the alkaline metal was inserted 
and it was considered as the hydrogen absorption material. However, Embodiment 9A 
used as the hydrogen absorption material the coiled carbon fiber obtained in the 
example 1 of manufacture as it was. 

[0068]When the method of insertion of this alkaline metal was explained in more detail, 
2-methyltetrahydrofuran was first put into the reaction vessel replaced by argon 
atmosphere, and after adding naphthalene there and making it dissolve thoroughly, the 
alkaline metal was added further. It was neglected after the alkaline metal dissolved 
thoroughly until insertion of an alkaline metal reached saturation, having mixed the 
coiled carbon fiber obtained in the example 1 of manufacture, and impressing a 
10,000-volt electrostatic field this time. All of these operations were performed at the 
room temperature. 

[0069][Embodiment 10A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, impressing a 1 0,000-volt 
electrostatic field, the alkaline metal was inserted and it was considered as the 
hydrogen absorption material. However, Embodiment 1 0A used as the hydrogen 
absorption material as it was what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours. 

[0070] [Comparative example 5 A*-] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 1 0 hours, impressing a 
10,000-volt electrostatic field, the alkaline metal was inserted and it was considered 
as the hydrogen absorption material. However, comparative example 5A* used as the 
hydrogen absorption material as it was what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours. 
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[0071][Embodiment 1 1 A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 1 0 minutes at 1 000 more **, impressing a 1 0,000-volt electrostatic 
field, the alkaline metal was inserted and it was considered as the hydrogen absorption 
material. However, Embodiment 1 1 A used as the hydrogen absorption material as it 
was what heat-treated the coiled carbon fiber obtained in the example 1 of 
manufacture at 600 ** for 3 hours, and was oxidized for 10 minutes at 1000 more **. 
[0072][Embodiment 12A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 6 minutes at 1000 more **, impressing a 1 0,000-volt electrostatic 
field, the alkaline metal was inserted and it was considered as the hydrogen absorption 
material. However, Embodiment 12A used as the hydrogen absorption material as it 
was what heat-treated the coiled carbon fiber obtained in the example 1 of 
manufacture at 600 ** for 3 hours, and was oxidized for 6 minutes at 1 000 more **. 
[0073]The result of having measured the hydrogen storage capacity in -180 ** of the 
hydrogen absorption material of each above-mentioned example in which the alkaline 
metal was inserted is shown in Table 5. With the "saturation insertion time" in 
following Table 5 and 6 and Table 7. The time taken for insertion of an alkaline metal 
etc. to reach saturation and a "saturation insertion amount" show the ratio 
(alkaline-metal atom etc.: carbon atom) of alkaline metal Hitoshi Harako and the 
carbon atom in a hydrogen absorption material when insertion of an alkaline metal etc. 
reaches saturation. 
[0074] 
[Table 5] 

As shown in Table 5, when the hydrogen storage capacity before and behind insertion 
of an alkaline metal is measured, a difference twists, a part (embodiments 80 and 1 2C) 
is removed, and the direction after inserting all has a large hydrogen storage capacity. 
It was shown that hydrogen absorption ability improves by inserting an alkaline metal 
from this. Also when an alkaline metal was inserted irradiating with an ultrasonic wave, 
and aiso when an aikaiine metal was inserted impressing an electrostatic field, 
although it was equivalent, about the hydrogen storage capacity, it was shown that the 
direction of an electrostatic field results in saturation early compared with an 
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ultrasonic wave. It turned out that facilitating of manufacture of the hydrogen 
absorption material which could shorten the insertion time and was excellent in 
making an alkaline metal insert, impressing an electrostatic field by extension from 
this at hydrogen absorption ability can be attained. 

[0075][Embodiment 13A-] Impressing a 10,000-volt electrostatic field to the coiled 
carbon fiber obtained in the example 1 of manufacture, alkaline-earth metals were 
inserted and it was considered as the hydrogen absorption material. However, 
Embodiment 13A used as the hydrogen absorption material the coiled carbon fiber 
obtained in the example 1 of manufacture as it was. The method of insertion of these 
alkaline-earth metals is the same as the case of an alkaline metal. 
[0076][Embodiment 14A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, impressing a 1 0,000-volt 
electrostatic field, alkaline-earth metals were inserted and it was considered as the 
hydrogen absorption material. However, Embodiment 1 4A used as the hydrogen 
absorption material as it was what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours. 

[0077] [Comparative example 6A*~] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours, impressing a 
10,000-volt electrostatic field, alkaline-earth metals were inserted and it was 
considered as the hydrogen absorption material. However, comparative example 6A* 
used as the hydrogen absorption material as it was what heat-treated the' coiled 
carbon fiber obtained in the example 1 of manufacture at 3000 ** for 10 hours. 
[0078][Embodiment 15A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 1 0 minutes at 1 000 more **, impressing a 1 0,000-volt electrostatic 
field, alkaline-earth metals were inserted and it was considered as the hydrogen 
absorption material. However, Embodiment 15A used as the hydrogen absorption 
material as it was what heat-treated the coiled carbon fiber obtained in the example 1 
of manufacture at 600 ** for 3 hours, and was oxidized for 10 minutes at 1000 more 
**. 

[0079][Embodiment 16A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture, at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 6 minutes at 1000 more **, impressing a 10,000-volt electrostatic 
field, alkaline-earth metals were inserted and it was considered as the hydrogen 
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absorption material. However, Embodiment 1 6A used as the hydrogen absorption 
material as it was what heat-treated the coiled carbon fiber obtained in the example 1 
of manufacture at 600 ** for 3 hours, and was oxidized for 6 minutes at 1000 more **. 
[0080]The result of having measured the hydrogen storage capacity in -1 80 ** of the 
hydrogen absorption material of each above-mentioned example in which 
alkaline-earth metals were inserted is shown in Table 6. 
[0081] 
[Table 6] 

As shown in Table 6, when the hydrogen storage capacity before and behind insertion 
of alkaline-earth metals is measured, the direction after inserting all has a large 
hydrogen storage capacity. It was shown that hydrogen absorption ability improves by 
inserting alkaline-earth metals from this. 

[0082] [Embodiment 17A-] Impressing a 10,000-volt electrostatic field to the coiled 
carbon fiber obtained in the example 1 of manufacture, fluoride and iodine, or sulfur 
was inserted and it was considered as the hydrogen absorption material. However, 
Embodiment 1 7A used as the hydrogen absorption material the coiled carbon fiber 
obtained in the example 1 of manufacture as it was. 

[0083]If the method of insertion of fluoride is explained further, to the anhydrous 
hydrofluoric acid from which the water of the impurity was removed. It was neglected 
at the temperature of 8-25 ** after mixing the coiled carbon fiber and MoF 6 which 
were obtained in the example 1 of manufacture, and SbF 5 until insertion of fluoride 
reached saturation, blowing fluorine gas while impressing a 10,000-volt electrostatic 
field. 

[0084]When the method of insertion of iodine was explained further, the coiled carbon 
fiber, iodine, and Lewis acid which were obtained in the example 1 of manufacture 
were mixed, and it allowed to stand at the room temperature until insertion of iodine 
reached saturation, impressing a 1 0,000-volt electrostatic field. 

[0085]When the method of insertion of sulfur was explained further, the coiled carbon 
fiber, sulfur, and Lewis acid which were obtained in the example 1 of manufacture 
were mixed, and it allowed to stand at the room temperature until insertion of sulfur 
reached saturation, impressing a 10,000-volt electrostatic field. 
[0086][Embodiment 18A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, impressing a 10,000-volt 
electrostatic field, fluoride and iodine, or sulfur was inserted and it was considered as 
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the hydrogen absorption material. However, Embodiment 1 8A used as the hydrogen 
absorption material as it was what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours. 

[0087][Comparative example 7 A*-] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours, impressing a 
10,000-volt electrostatic field, fluoride and iodine, or sulfur was inserted and it was 
considered as the hydrogen absorption material. However, comparative example 7A* 
used as the hydrogen absorption material as it was what heat-treated the coiled 
carbon fiber obtained in the example 1 of manufacture at 3000 ** for 1 0 hours. 
[0088][Embodiment 19A-] The coiled carbon fiber obtained in the example 1 of 
manufacture is heat-treated at 600 ** for 3 hours, Impressing a 1 0,000-volt 
electrostatic field to what carried out oxidation treatment (gaseous phase high 
temperature oxidation treatment under an air atmosphere) for 1 0 minutes at 1 000 
more **, fluoride and iodine, or sulfur was inserted and it was considered as the 
hydrogen absorption material. However, Embodiment 1 9A used as the hydrogen 
absorption material as it was what heat-treated the coiled carbon fiber obtained in the 
example 1 of manufacture at 600 ** for 3 hours, and was oxidized for 10 minutes at 
1 000 more **. 

[0089][Embodiment 20A-] The coiled carbon fiber obtained in the example 1 of 
manufacture is heat-treated at 600 ** for 3 hours, Impressing a 1 0,000-volt 
electrostatic field to what carried out oxidation treatment (gaseous phase high 
temperature oxidation treatment under an air atmosphere) for 6 minutes at 1000 more 
**, fluoride and iodine, or sulfur was inserted and it was considered as the hydrogen 
absorption material. However, Embodiment 20A used as the hydrogen absorption 
material as it was what heat-treated the coiled carbon fiber obtained in the example 1 
of manufacture at 600 ** for 3 hours, and was oxidized for 6 minutes at 1 000 more **. 
[0090][Embodiment 21 A-] Fluoride and iodine, or sulfur was inserted to the coiled 
carbon fiber obtained in the example 1 of manufacture, and it was considered as the 
hydrogen absorption material. However, Embodiment 21 A used as the hydrogen 
absorption material the coiled carbon fiber obtained in the example 1 of manufacture 
as it was. 

[0091 ]It was neglected at the temperature of 8-25 ** after mixing the coiled carbon 
fiber and MoF 6 which were obtained in the example 1 of manufacture, and SbF 5 to the 
anhydrous hydrofluoric acid from which the water of the impurity was removed until 
insertion of fluoride reached saturation, blowing fluorine gas, when the method of 
insertion of fluoride was explained further. 



22 



JP, 2002-36 1076,A 



[0092]When the method of insertion of iodine was explained further, the coiled carbon 
fiber, iodine, and Lewis acid which were obtained in the example 1 of manufacture 
were mixed, and it allowed to stand at the room temperature until insertion of iodine 
reached saturation. 

[0093]When the method of insertion of sulfur was explained further, the coiled carbon 
fiber, sulfur, and Lewis acid which were obtained in the example 1 of manufacture 
were mixed, and it allowed to stand at the room temperature until insertion of sulfur 
reached saturation. [Embodiment 22A-] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 600 ** for 3 hours, fluoride and iodine, or 
sulfur was inserted and it was considered as the hydrogen absorption material. 
However, Embodiment 22A used as the hydrogen absorption material as it was what 
heat-treated the coiled carbon fiber obtained in the example 1 of manufacture at 600 
** for 3 hours. 

[0094] [Comparative example 8A*-] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours, fluoride and iodine, 
or sulfur was inserted and it was considered as the hydrogen absorption material. 
However, comparative example 8A* used as the hydrogen absorption material as it 
was what heat-treated the coiled carbon fiber obtained in the example 1 of 
manufacture at 3000 ** for 1 0 hours. 

[0095][Embodiment 23A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 10 minutes at 1000 more **, fluoride and iodine, or sulfur was 
inserted and it was considered as the hydrogen absorption material. However, 
Embodiment 23A used as the hydrogen absorption material as it was what 
heat-treated the coiled carbon fiber obtained in the example 1 of manufacture at 600 
** for 3 hours, and was oxidized for 10 minutes at 1000 more **. 
[0096][Embodiment 24A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, and carried out oxidation 
treatment (gaseous phase high temperature oxidation treatment under an air 
atmosphere) for 6 minutes at 1000 more **, fluoride and iodine, or sulfur was inserted 
and it was considered as the hydrogen absorption material. However, Embodiment 24A 
used as the hydrogen absorption material as it was what heat-treated the coiled 
carbon fiber obtained in the example 1 of manufacture at 600 ** for 3 hours, and was 
oxidized for 6 minutes at 1000 more **. 

[0097]The result of having measured the hydrogen storage capacity in -180 ** of the 
23 



JP, 2002-361076.A 



hydrogen absorption material of each above-mentioned example in which fluoride and 
iodine, or sulfur was inserted is shown in Table 7. 
[0098] 
[Table 7] 

As shown in Table 7, when the hydrogen storage capacity before and behind insertion 
of fluoride and iodine, or sulfur is measured, the direction after inserting all has a large 
hydrogen storage capacity. It was shown that hydrogen absorption ability improves by 
inserting fluoride and iodine, or sulfur from this. When fluoride and iodine, or sulfur was 
inserted impressing an electrostatic field, while resulting in saturation early compared 
with the case where an electrostatic field is not impressed, it was shown that a 
saturation insertion amount increases and a hydrogen storage capacity also increases 
in connection with it. It was shown that not only shortening of the insertion time but 
improvement in hydrogen absorption ability can be aimed at by making fluoride and 
iodine, or sulfur insert from this, impressing an electrostatic field. 
[0099][Embodiment 25A-] Impressing a 10,000-volt electrostatic field to the coiled 
carbon fiber obtained in the example 1 of manufacture, lithium, sodium and lithium, 
beryllium, or fluoride and iodine were inserted, and it was considered as the hydrogen 
absorption material. However, Embodiment 25A used as the hydrogen absorption 
material the coiled carbon fiber obtained in the example 1 of manufacture as it was. 
[0100][Embodiment 26A-] To what heat-treated the coiled carbon fiber obtained in 
the example 1 of manufacture at 600 ** for 3 hours, impressing a 10,000-volt 
electrostatic field, lithium, sodium and lithium, beryllium, or fluoride and iodine were 
inserted, and it was considered as the hydrogen absorption material. However, 
Embodiment 26A used as the hydrogen absorption material as it was what 
heat-treated the coiled carbon fiber obtained in the example 1 of manufacture at 600 
** for 3 hours. 

[0101][Comparative example 9A*-] To what heat-treated the coiled carbon fiber 
obtained in the example 1 of manufacture at 3000 ** for 10 hours, impressing a 
10,000-volt electrostatic field, lithium, sodium and lithium, beryllium, or fluoride and 
iodine were inserted, and it was considered as the hydrogen absorption material. 
However, comparative example 9A* used as the hydrogen absorption material as it 
was what heat-treated the coiled carbon fiber obtained in the example 1 of 
manufacture at 3000 ** for 10 hours. 

[0102][Embodiment 27A-] The coiled carbon fiber obtained in the example 1 of 
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manufacture is heat-treated at 600 ** for 3 hours, Impressing a 1 0,000-volt 
electrostatic field to what carried out oxidation treatment (gaseous phase high 
temperature oxidation treatment under an air atmosphere) for 1 0 minutes at 1 000 
more **, lithium, sodium and lithium, beryllium, or fluoride and iodine were inserted, 
and it was considered as the hydrogen absorption material. However, Embodiment 27A 
used as the hydrogen absorption material as it was what heat-treated the coiled 
carbon fiber obtained in the example 1 of manufacture at 600 ** for 3 hours, and was 
oxidized for 1 0 minutes at 1 000 more **. 

[0103][Embodiment 28A-] The coiled carbon fiber obtained in the example 1 of 
manufacture is heat-treated at 600 ** for 3 hours, Impressing a 1 0,000-volt 
electrostatic field to what carried out oxidation treatment (gaseous phase high 
temperature oxidation treatment under an air atmosphere) for 6 minutes at 1 000 more 
**, lithium, sodium and lithium, beryllium, or fluoride and iodine were inserted, and it 
was considered as the hydrogen absorption material. However, Embodiment 28A used 
as the hydrogen absorption material as it was what heat-treated the coiled carbon 
fiber obtained in the example 1 of manufacture at 600 ** for 3 hours, and was oxidized 
for 6 minutes at 1 000 more **. 

[0104]The result of having measured the hydrogen storage capacity in -180 ** of the 
hydrogen absorption material of each above-mentioned example in which lithium, 
sodium and lithium, beryllium, or fluoride and iodine were inserted is shown in Table 8. 
The "saturation insertion amount" in Table 8 shows the ratio (insertion element (one 
item): insertion element (two items) : carbon atom) of the insertion element in a 
hydrogen absorption material when insertion of an insertion element reaches 
saturation to a carbon atom. 
[0105] 
[Table 8] 

As shown in Table 8, when the hydrogen storage capacity before and behind insertion 
of lithium, sodium and lithium, beryllium or fluoride, and iodine is measured, the 
direction after inserting all has a large hydrogen storage capacity. From this, also 
when the number of insertion elements was two, it was shown that hydrogen 
absorption ability improves. 

[0106][Embodiment 29A-] What cut the coiled carbon fiber obtained in the example 1 
of manufacture by the mixer, and was prepared to the predetermined aspect ratio was 
used as the hydrogen absorption material. The result of having measured the 
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hydrogen storage capacity in -180 ** of the hydrogen absorption material of each 
example is shown in Table 9. 
[0107] 
[Table 9] 

[Embodiment 30A-] The coiled carbon fiber obtained in the example 1 of manufacture 
was heated under the oxidizing atmosphere, and what removed the coat of the carbon 
which has wrap graphite structure for the surface was used as the hydrogen 
absorption material. The result of having measured the hydrogen storage capacity in 
-180 ** of the hydrogen absorption material of each example is shown in Table 10. 
[0108] 
[Table 10] 

Next, the technical idea which can be grasped from said embodiment is indicated 
below. 

[0109]- A manufacturing method of a hydrogen absorption material including the 
process of heating the amorphous carbon which has a coat of carbon with graphite 
structure on the surface under an oxidizing atmosphere, and removing this coat. In 
this case, the hydrogen absorption material which consists only of amorphous carbon 
substantially based on the amorphous carbon which has a coat of carbon with graphite 
structure on the surface can be obtained. 
[0110] 

[Effect of the Invention]Since this invention is constituted as mentioned above, it 
does the following effects so. According to Claim 1 and the invention according to 
claim 2, it excels in hydrogen absorption ability and a hydrogen absorption material 
with manufacture easy moreover can be provided. 

[01 1 1]According to the invention according to claim 7, hydrogen absorption ability can 
be raised from Claim 3. According to the invention according to claim 8, the hydrogen 
absorption material excellent in hydrogen absorption ability can be obtained easily. 
[01 12]According to the invention according to claim 9, occlusion of a lot of hydrogen 
can be carried out to a hydrogen absorption material. 
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mms>,. 

[00 0 3] 



£4, *«0lWfc1-6fc,I*HL ^SMfgicfgix. £ 
[0004] 

[|IH£»ifc'tSfc«><0*S] ±E<9BW£j*frt4fc 

[0005] m&2iz%mpmmi i mmm&n 
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[oo38] ^mmm.izm^mmmrmi>m^ 

K38bKS*iT^*. 4fc. I*WWi^7 7r-f M§3t 
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